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Geometrical eﬀects of the three-dimensional con-
ﬁnement ﬁeld play important role in regulating the
anomalous transport in helical plasmas as pointed out
by experimental and simulation studies 1, 2). For more
understandings about the anomalous transport physics,
quantitative comparisons between the experiments and
gyrokinetic simulations are required. In our previous
simulation studies for microturbulence transport in the
helical ﬁeld, we used the model helical ﬁelds includ-
ing limited number of helical Fourier components with
the large aspect ratio approximation to the ﬁeld geom-
etry, where diagonal metric tensor components are de-
rived from the cylindrical approximation and the Ja-
cobian is assumed to be a constant on the ﬂux sur-
face. Toward the exploration of microturbulence in non-
axisymmetric systems, it is a promising path to furnish a
well-established gyrokinetic code with detailed geomet-
rical information obtained from three-dimensional equi-
librium. Based on this motivation, we developed a new
gyrokinetic Vlasov simulation code, GKV-X3), which in-
cludes full geometrical eﬀects of non-axisymmetric ﬁeld
conﬁguration such as the Large Helical Device (LHD).
The GKV-X incorporates full geometrical information of
the three-dimensional conﬁnement ﬁeld, e.g. the Jaco-
bian and the metric tensor of the ﬂux surface, as well
as all Fourier components obtained from MHD equilib-
rium code, VMEC4). Using the GKV-X code, we inves-
tigate the eﬀects of three-dimensional geometry of the
LHD plasmas on the ion temperature gradient (ITG)
modes, the zonal ﬂow responses, and the geodesic acous-
tic modes.
In the core plasma region of the standard LHD
conﬁguration, we performed the benchmark calculations
of the GKV-X against our original gyrokinetic Vlasov
code, GKV, which uses the model helical ﬁeld for the
geometry based on the large aspect ratio approximation.
From the simulation results of the linear ITG instabil-
ity, the eﬀects of full geometry and helical ripples on the
growth rate, frequency, and mode structure of the ITG
instability are clariﬁed in the large poloidal wavenumber
region where the ﬁnite gyroradius eﬀect is also impor-
tant, as shown in Fig.1. On the other hand, the col-
lisionless damping of zonal ﬂow potential is found to
be less aﬀected in the core plasma region of the LHD,
as shown in Fig.2. We consider that this is because
the eﬀects are blinded with taking the ﬂux surface aver-
age to determine the residual zonal ﬂow potential that
loses the poloidal-angle-dependent components associ-
ated with the geodesic acoustic mode (GAM) oscilla-
tions.
The GKV-X simulation results can be also com-
pared with the experimental observations in the LHD,
using the corresponding equilibrium conﬁguration to the
experiment through the VMEC code. The GKV-X en-
ables ones to precisely treat the turbulent transport in
complicated magnetic conﬁgurations, such as the edge
region of the helical plasmas.
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Fig. 1: Growth rates (top) and real frequencies (bot-
tom) of the linear ITG mode, as functions of the normal-
ized poloidal wavenumber, kθρi, for the GKV (dashed
lines with circles) and the GKV-X simulation (solid lines
with triangles).
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Fig. 2: Linear response of the zonal ﬂow potential to
the initial perturbation �φk⊥(t)�/�φk⊥(0)� for the GKV
simulation with model ﬁeld (dashed curves) and GKV-X
simulation with VMEC ﬁeld conﬁguration (solid curves).
Here, the radial wavenumbers are krρi = 0.0637 (top)
and krρi = 0.1274 (bottom) for both codes.
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